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LANE MONITOR FOR MONITORING 
DRESSING ON THE SURFACE OF 

BOWLING LANES 

This is a division of application Ser. No. 08/266,423 ?led 
Jun. 27, 1994 U.S. Pat. No. 5,521,393. 

FIELD OF THE INVENTION 

This invention relates to an apparatus that may be 
employed to monitor the lane dressing on a bowling lane. 

BACKGROUND OF THE INVENTION 

Commonly assigned U.S. Pat. No. 4,437,010 issued Mar. 
13, 1984 to Scheie, et al., the details of which are herein 
incorporated by reference, discloses a method and apparatus 
for determining the quantity of conditioner or dressing on 
the surface of a bowling lane. The apparatus therein dis 
closed utilizes a double thickness strip of transparent tape as 
a sample strip. A sample strip is obtained through the use of 
the apparatus disclosed in commonly assigned U.S. Pat. No. 
4,487,788 issued Dec. 11, 1984, also to Scheie, et al., the 
details of which are herein incorporated by reference. The 
subject matter of both patents has been commercialized by 
the assignee of the present application and has met with 
considerable success in allowing bowling center proprietors 
to keep track of dressing conditions on their lanes to assure 
that the lanes meet speci?cations of the appropriate bowling 
regulatory group, in the United States, the American Bowl 
ing Congress or ABC. 

For example, if a bowling center requests certi?cation, the 
same will be inspected and, if requirements met, a certi?cate 
issued. To retain the certi?cate, the American Bowling 
Congress speci?cally states: 

“If dressing is used, it shall meet ABC/WIBC speci?ca 
tions and must comply with the following: 
Dressing must be distributed from edgeboard to edge 

board for the entire predetermined distance down the 
lane (for example, and without limiting the distance, 
35-40 feet from the foul line). Following any appli 
cation of dressing, in the dressed portion of the lane, 
there shall be a minimum of 3 units of dressing at all 
points on the lane surface. A unit is defined as a 
measurement of dressing ?lm thickness equivalent to 
0.0167 cubic centimeters of dressing per square foot 
of lane surface as measured by ABC/WIBC 
approved lane dressing measuring equipment.” 

Use of cormnercial embodiments of the subject matter of 
the two previously identi?ed patents enables a bowling lane 
proprietor to assure that his lane meets such a speci?cation 
so as to allow him to retain his certi?cation. 
To enable analysis, the ABC speci?es that approved lane 

dressings contain a precise amount of ultraviolet light sen 
sitive dye that will ?uoresce when exposed to ultraviolet 
light. The more dye present, the greater the ?uorescence. 
Thus, by measuring ?uorescence, the quantity of dressing 
can be determined. 

Because the measurement must be made “from edgeboard 
to edgeboar ”, and a bowling lane is 42" wide, it is neces 
sary to inspect at a plurality of points across the lane. In use, 
measurements are made at 11/6" intervals (the width of a 
board on a conventional bowling lane) for a total of 39 
measurements in all. One layer of tape is applied from the 
10 pin side of the lane all the way across the lane to the 7 
pin edge. At the end board, a one inch, opaque marker is 
placed on the tape. the tape is extended a few inches further 
without contacting the lane and then an encapsulating tape 
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2 
strip is applied to the sticky side of the ?rst layer. As a result, 
a sample containing tape of about 48 inches in length is 
formed. The 42 inches applied to the lane contains the 
sample, and that part on the opposite side of the marker 
serves as a leader for the sample tape when placed in an 
analyzer. The sample containing tape is advanced through 
the machine in 11/6" inch increments by manually turning a 
knob for a tape drive system that includes detents to provide 
a perceptible indication that the tape has advanced 11/6". 
With each advance of the tape, a meter is read and the value 
manually recorded. The same may be plotted on a graph or 
the like to illustrate the distribution of dressing across the 
lane at the location the sample tape was taken. 

While the system works extremely well for it’s intended 
purpose, its use can be time consuming, taking up to 20 
minutes to analyze a single sample tape. Moreover, because 
the system takes but a single reading every 11/5", there is 
some possibility that the reading will not be representative 
of the condition at that particular point, more so than if 
several readings were taken each 11/6". 
The present invention is directed to overcoming one or 

more of the above problems. 

SUMMARY OF THE INVENTION 

It is the principal object of the invention to provide a new 
and improved lane monitor for monitoring the dressing on a 
bowling lane surface. More particularly, it is an object of the 
invention to provide a new and improved lane monitor that 
reduces the time required to analyze dressing requirements 
on a lane, has a high degree of accuracy, and is exceptionally 
“user friendly”. 
An exemplary embodiment of the invention achieves the 

foregoing objects in an apparatus for monitoring the dress 
ing on the surface of a bowling lane which includes a strip 
feeder for feeding a sample strip in a predetermined path, a 
sensor adjacent the path for sensing a characteristic of a 
sample strip in the path and issuing a signal representative 
thereof, a means for operating the strip feeder and the sensor 
to sense the strip and to issue the signals at a predetermined 
rate for a predetermined increment of movement of the strip 
by the feeder and means for collecting the signals and for 
storing values representing the same. 

In a preferred invention, means are provided for reading 
the collecting and storing means and for displaying the 
values contained therein. 
A preferred embodiment of the invention is particularly 

adapted for use with a transparent sample strip and includes 
means de?ning a path of travel for the strip, a light source 
on one side of the path and a photosensitive sensor on the 
other side of the path. A feed roller is journal adjacent the 
path and a stepper motor is provided for driving the roller in 
predetermined increments. An analog to digital converter is 
connected to the sensor for receiving analog signals there 
from and converting the same to digital signals. A random 
access memory is connected to the analog to digital con 
verter for receiving signals therefrom and for storing data 
represented by the signals. A central processing unit is 
provided for operating the motor, the sensor and the motor 
and a program storage is utilized for storing control algo 
rithms for the central processing unit. Aport is also provided 
which is connected to the central processing unit for receipt 
of exteriorally generated commands and for outputting data. 

In a highly preferred embodiment of the invention, the 
apparatus includes means for providing a plurality of the 
analog signals for a predetermined distance of strip move 
ment in the path. 
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Preferably, the stepper motor drives the strip through the 
predetermined distance in a plurality of increments equal to 
the plurality of analog signals and the sensor samples the 
strip for each such increment. 

Other objects and advantages will become apparent from 
the following speci?cation taken in connection with the 
accompanying drawings. 

DESCRJPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a lane monitor made 
according to the invention; 

FIG. 2 is a plan view of a sensor and sample drive 
employed in the invention; 

FIG. 3 is a side elevation of the sensor and drive; 
FIG. 4 is a ?ow diagram of a main routine for a central 

processing unit used in the lane monitor; 
FIG. 5 is a ?ow diagram of one subroutine for the central 

processing unit; 
FIG. 6 is a ?ow diagram of another subroutine; 
FIG. 7 is a ?ow diagram for two subroutines; 
FIG. 8 is a ?ow diagram for four subroutines; 
FIG. 9 is a ?ow diagram for still another subroutine; 
FIG. 10 is a ?ow diagram for still another subroutine; 
FIG. 11 is a ?ow diagram for still another subroutine; 
FIG. 12 is a ?ow diagram for still another subroutine; 
FIG. 13 is a ?ow diagram for two subroutines; 
FIG. 14 is a ?ow diagram for six subroutines; 
FIG. 15 is a ?ow diagram for still another subroutine; 
FIG. 16 is a ?ow chart of the main program loop for a 

personal computer or other central processing unit and is 
made up of FIGS. 16a, 16b, 16c. 16d and 16e; 

FIG. 17 is a subroutine employed in sampling for oper 
ating the personal computer and is made up of FIGS. 17a, 
17b and 17c, with FIG. 17a placed above FIG. 17b, which 
in turn is placed above FIG. 170; 

FIG. 18 is a ?ow diagram of a subroutine for entering lane 
statistics into the system; 

FIG. 19 is a ?ow chart of a subroutine for printing 
information; 

FIG. 20 is a flow diagram of a subroutine relating to 
opening of a lane ?le; 

FIG. 21 is a ?ow diagram of a subroutine employed to 
save a ?le; and 

FIG. 22 is a ?ow diagram employed to cause a display on 
a computer monitor. 

DESCRIPTION OF THE PREFERRED 
ENIBODIMENT 

An exemplary embodiment of a lane monitor made 
according to the invention is illustrated in block form in FIG. 
1. The same includes a power supply 30 controlled by a 
power switch unit 32 which may additionally include a fuse 
and a lamp that is illuminated when the power is turned on. 
Power is provided to a variety of components in a conven 
tional fashion. 
Amongst other things, the lane monitor includes a central 

processing unit 34. an erasable, programmable read only 
memory (eprom) 36, a random access memory (ram) 38 and 
an analog to digital converter 40. An internal clock 42 is also ‘ 
included. 
An input to the analog to digital converter 40 is received 

from a signal conditioner 44 which in turn receives analog 
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4 
signals from a sensor 46 which typically is in the form of a 
photosensitive device such as a light sensitive diode. The 
sensor is disposed on one side of a path of tape travel 48 to 
be described in greater detail hereinafter. On the opposite 
side, an ultraviolet light source 50 is located and an optical 
system 52 is associated therewith. The ultraviolet light 
source 50 may be of the ?uorescent type and includes a 
conventional starting ballast 54 which may be operated by a 
start switch 56 which is additionally provided with a lamp to 
illustrate when the ultraviolet light source 50 is operating. 
The system also includes a stepper motor 58 of conven 

tional construction that is located adjacent the tape path 48. 
A roller assembly 60 is disposed adjacent the tape path 48 
and is operated by the stepper motor 58. As a consequence, 
a sample tape disposed in the tape path may be driven 
through the tape path past the sensor 46 and the light source 
50 by being drawn by the roller assembly 60. 
A stepper motor driver 62 is operated by the central 

processing unit 34. 
In a preferred embodiment of the invention, the CPU 34 

is connected to a conventional RS-232 driver 64 which in 
turn is connected to a RS-232 serial port 66. The latter 
provides a means for receiving exteriorally generated com 
mands as well as for outputting data. 

In one embodiment of the invention, a conventional 
personal computer 70 having a display device 72 such as a 
monitor and/or a printer, may be connected to the port 66 for 
purposes to be seen. However, the computer 70 could be 
readily replaced with another CPU if desired. 

Turning now to FIGS. 2 and 3, the tape path de?ning 
means 48 will be described in greater detail. The same 
includes an elongated bottom plate 80, and an elongated top 
plate 82. A pair of spacer plates 84 are disposed between the 
plates 80 and 82 in spaced relation to each other and thereby 
de?ne a tunnel-like path for a transparent sample strip or 
tape. As can be ascertained from the previously identi?ed 
U.S. Pat. No. 4,487,788, the sample tape will be a double 
layer made up of two pieces of tape with their adhesive side 
in contact with one another. One of the tapes will have been 
applied to the lane to pick-up dressing where the tape was 
applied to the lane as a result of the dressing adhering to the 
tape and the second tape is then applied to the ?rst to 
encapsulate the dressing sample for analysis. 

In addition, as mentioned previously, the manner of 
obtaining the sample assures that part of the tape will have 
a dressing free leader followed by an opaque section which 
in turn is followed by the actual sample containing part of 
the tape. 
The leader end of the tape sample is introduced into the 

aforementioned tunnel at the end 88 thereof. 

At the opposite end, the roller assembly 60, is provided. 
The roller assembly 60 includes a drive roller 92 and an idler 
roller 94 which are journaled for rotation about horizontal 
axes adjacent the end 96 of the tunnel opposite the end 88. 
As seen in FIG. 2, the stepper motor 58 has an output shaft 
100 coupled to the drive roller 92. 

Intermediate the ends 88 and 96 of the tunnel, the plates 
80 and 82 are apertured. Abutting the plate 82 is an ultra 
violet transmitting, visible light absorbing ?lter 102. Just 
above the ?lter 102 is an ultraviolet light generating tube 104 
which together with a re?ector 106 acts as the ultra violet 
light source 50 (FIG. 1). 

Below the lower plate 80 is a diode and ?lter assembly 46 
which includes a photo diode 108 disposed below a ?nal 
?lter 110. 
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Both the ?lter 102 and the ?lter 110 are commercially 
available. The former has a high transmittance in the wave 
length range from 300 to 400 nanometers, peaking at 360 
nanometers. The latter is a glass-plastic laminated ?lter 
available from Schott Glass Technologies, Inc. of Duryea, 
Penn. The same possesses a long pass character with a very 
steep curve and very low inherent ?uorescence and thus is 
ideally suitable as a ?uorescence barrier ?lter. The ?lter 
identi?ed as KV-418 by the manufacturer is preferred. The 
photo diode may be a VTS-73 photo diode. 

In one embodiment of the invention, the personal com 
puter 70 acts as a host to provide overall control of system 
operation. That is to say, the personal computer 70 provides 
cxteriorally generated commands to the central processing 
unit 34, which in turn controls the apparatus in manner to be 
described. 

Generally speaking, an operational sequence, including 
control functions performed by the personal computer 70 is 
as follows: 

1. User turns on power to Lane Monitor through power 
switch 32. 

2. User turns on U.V. bulb via momentary switch 56. 
3. UN‘. switch 56 lights to indicate that U.V. bulb is on 

inside the unit. 
4. User connects Lane Monitor to computer via RS 232 

serial port 66. 
5. User readies the computer/program by loading the 

control program in the PC 70 and running it. 
6. Computer 70 checks if serial port 66 is connected to 
Lane Monitor and gives error message if it does not 
receive expected return echo. 

7. Computer senses if UV. light 50 is on and prompts user 
if light has not been switched on. 

8. Control program indicates that the lane monitor is 
warming up and gives an estimate of warrnup time 
required. 

9. Menu allows use to enter lane statistics, load previous 
lane data for viewing, analyzation, or printing. 

10. After the control program has determined that the 
Lane Monitor is su?iciently warmed up (30-45 
minutes), it will prompt user that the lane monitor is 
ready to calibrate and add “Calibrate” to the menu. 

11. When the user selects “Calibrate” from the menus: 
A. Control program prompts user to insert calibration 

strip into tape path 48. 
B. Control program prompts user to enter value of 

calibration strip. 
C. Control program reads the calibration strip. 
D. Control program prompts user to remove the cali 

bration strip and press “Enter”. 
E. Control program reads zero value. 
F. If last three calibration settings were close, set 

linearity based on one calibration strip. This calibra 
tion setting is saved. Prompt user that basic calibra 
tion is complete and unit is ready to read a tape. 

G. If last three calibration setting were not close or if 
user selects “Long Calibration”, repeat above steps 

A-E for two additional calibration strips. 
H. If linearity of three calibration strips is acceptable, 

save calibration setting, and prompt user that long 
calibration is complete and unit is ready to read a 
tape. 

1. If linearity of three calibration strips is not 
acceptable, prompt user that one of the calibration 
strips must be too old. Suggest trying a new set and 
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6 
repeat long calibration or continue with warning 
message on all data that readings were made with 
calibration out of range. 

12. When the user selects “Read Tape” ?om the menu: 
A. Control program prompts user to insert front of tape 

into tape path 48 and hit the “enter” key. 
B. The tape motor starts and positions the tape by 

sensing the edge of the lane edge marker and backing 
up 1''. (If the reader does not sense the lane edge 
marker in the ?rst 8 inches, prompt the user to check 
if correct end of tape was inserted into the tape slot 
and add lane edge marker if necessary.) 

C. The Lane Monitor reads the header on the tape and 
adjusts for the UV. for the tape with no oil. Then the 
tape drive advances ?re tape sample ahead approxi 
mately 2 inches so the sensor is just beyond the lane 
edge marker in the sample containing portion of the 
tape sample. 

D. The unit takes 3 or 4 readings per board and 
averages them. The average value for each board is 
sent to the computer. 

E. After the last board is read, the full lane width will 
be displayed in a two dimensional graph on the 
monitor 72 with digital values for each board listed 
in a column to the side of the graph. 

13. When the user selects “Enter Lane Statistics” from the 
menu: 

A. Control program prompts the user to enter the lane 
number, distance from the foul line, date and time 
tape was recorded, establishment name, person who 
recorded lane reading, number of lines bowled since 
lane was last conditioned and other comments. 

14. When the user selects “Print” from the menu: 
A. The control program executes the equivalent of the 

“Print Screen” command. 
15. When the user selects “File Save” from the menu: 
A. The control program ?rst checks that the lane 

number, distance from the foul line and date were 
entered in the lane statistics and prompts the user to 
enter any missing information. If more than one lane 
width of information is displayed on the monitor, the 
control program will prompt ?ue user that only the 
‘base’ ?le will be saved. 

B. The control program then suggests a standard ?le 
name and allows the user to change the name before 
saving the ?le. 

16. When the user selects the “File Open” from the menu: 
A. The control program ?rst prompts the user to save 

the current ?le before opening a new ?le. 
B. The control program ?rst gives the options of 

erasing the currently displayed information or com 
paring the new ?le to the current one. 

C. If the “erase” option was selected, the control 
program loads the new ?le and displays it in the same 
Way as if it were being read from an actual tape. 

D. If the “compare" option was selected, the control 
program loads the new ?le and displays it on top of 
the existing monitor display. Only three ?les (lane 
width graphs) can be displayed at one time. The 
graphs will be plotted with di?’erent style lines so 
they can be distinguished on a monochrome monitor 
or printed on a single color printer. Only the “base” 
?le digital values for each board will be listed in the 
column to the side of the graph. 

The central processing,unit 34 performs various functions 
in response to a series of commands and which are subrou 
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tines as depicted in FIGS. 5-15, inclusive. The commands 
may be verbally described as follows: 
>01 Echo back>01 followed by “PC Lane monitor vet 
X.XX” 

>02 Clear Reading(s) area from RAM 
>03 Advance the motor 1 step 
>04 Advance the motor to get approximately 1A" tape travel 
>05 Advance the motor to get approximately 1” tape travel 
>06 Reverse the motor 1 step 
>07 Reverse the motor to get approximately 1A" tape travel 
>08 Reverse the motor get approximately 1" tape travel 
>09 Turn off motor current 
>10 Take a reading and store in next RAM location 
>11 Take a reading and send to computer 70 in 4 hex digits 
>12 Take a reading and send to computer 70 in 4 Decimal 

digits 
>13 Send all accumulated readings from RAM to computer 
70 as HEX 

>14 Send all accumulated readings from RAM to computer 
70 as Decimal 

>15 Read a tape, readings every approximate 1A" store data 
in RAM 

>16 Read a tape, readings every approximate 1" store data 
in RAM 

>17 Read a tape. readings every approximate 1%" send data 
to computer 70 in HEX 

>18 Read a tape, readings every approximate 1" send data to 
computer 70 in HEX 

>19 Read a tape, readings every approximate 14" send data 
to computer 70 in Decimal 

>20 Read a tape, readings every approximate 1" send data to 
computer 70 in Decimal 

>21 Place Marker in RAM that all following readings are 
from a new tape 
Turning now to FIG. 4, the main routine performed by the 

CPU 34 will be described. A start signal is received from the 
personal computer 70 and the CPU board is initialized 
Following that, subroutine 9 (FIG. 9) is run to turn oil" the 
stepper motor 58. Stepper motors may draw current even 
when not running and to minimize the heat generated in the 
chassis in which the various components may be housed, it 
is desirable that the stepper motor 58 be turned off whenever 
possible. The next step is to determine whether data is 
available at the serial port 66. If so, the next question is 
whether the data represents a command, i.e., one of the 
numerical commands from 1-21 calling for the performance 
of a speci?c subroutine. 

If so, the command number is obtained. A check is then 
made to determine whether the command number is valid. If 
so, the program jumps to the particular subroutine indicated 
by the command number. 

If, at any time, any one of the questions was answered in 
the negative, the program loops back to the point where the 
presence of serial data is checked. Similarly, once any given 
subroutine is ?nished, the program loops back to that same 
point. 

Subroutine 1 (FIG. 5) is simply a matter of sending the 
message back to the personal computer 70. In this way, the 
program of the personal computer 70 performs function 6, 
that is, a check whether the connections have been made and 
provides an error indication if that is not true. 

Subroutine 2 is shown in FIG. 6 is performed when one 
is desiring to clear information contained in the RAM 38. 

Subroutines 3 and 6 are substantially identical save for the 
fact that subroutine 3 causes the stepper to advance one step 
(approximately 0.01 inches) and subroutine 6 causes the 
stepper motor to reverse one step. The basic subroutine 
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common to both is illustrated in FIG. 7. The CPU 34 obtains 
the motor phase number and then increments the motor 
phase number by 1. It then outputs the phase code to the 
motor which advances one step. The new phase number is 
stored and then the subroutine switches to subroutine 9 to 
turn off the motor, before returning to the main loop. 

Subroutines 4, 5, 7 and 8 differ from one another only in 
whether the motor is advancing or reversed and only in 
whether the motor is stepped su?iciently to obtain approxi 
mately 1/4" of tape travel or approximately 1" tape travel 
(actually 17/s4 inch and "/16 inch, respectively). It is thus 
much like the subroutine shown in FIG. 7 except that it has 
a further inquiry as to whether the required number of steps 
have been performed along with an appropriate loop to 
assure that that has occurred. 

Subroutine 9 is shown in FIG. 9 and merely amounts to 
the CPU 34 issuing a signal to the stepper motor driver to 
turn off the motor and then returning to the main loop. 

Subroutine 10 is shown in FIG. 10 and is utilized to obtain 
a sample. Initially, the analog to digital converter 40 is 
directed to start converting the analog signal being received 
continuously on its input to a digital signal. When the 
conversion is accomplished, the resulting data is stored in 
the RAM 38 at the location pointed to by the RAM pointer. 
A return loop is included in the subroutine in the event the 
conversion from analog to digital has not been fully accom 
plished when the inquiry is made. 

Subroutines 11 and 12 (FIGS. 11 and 12, respectively) are 
essentially identical in that they both involve taking a 
reading and outputting the same to the personal computer 
70. The di?ierence is that subroutine 11 sends the data to the 
personal computer 70 in four hexadecimal digits whereas 
subroutine 12 sends the same information in four decimal 
digits. The purpose of sending the information in either of 
two identical ways is simply to allow ?exibility in the 
programming of the personal computer 72 and any appur 
tenances thereto. In normal operation, only one of the 
subroutines 11 or 12 will be used and not the other. 

FIG. 13 illustrates subroutines 13 and 14. The two sub 
routines are substantially identical except that in one case, 
subroutine 13, signals are transmitted in hexadecimal form 
while subroutine 14 transmits them in decimal form. In both 
cases, the subroutine empties the RAM 38 and transmits its 
contents to the personal computer 72. 

FIG. 14 illustrates subroutines 15, 16, 17, 18, 19 and 20. 
All involve reading a sample tape and either sending or 
storing sample data. Subroutines 15, 17, and 19 take read 
ings of the tape at every approximate 1A" of tape travel, 
whereas subroutines 16, 18 and 20 take readings every 
approximate 1" of tape travel. 

Subroutines 15 and 16 cause the data to be stored in the 
RAM 38 while subroutines 17-20 result in the data being 
sent to the personal computer 70 in either hexadecimal or 
decimal form. 
The last subroutine, subroutine 21, is illustrated in FIG. 1 

and simply amounts to placing a ?ag in RAM 38 that serves 
as an indication that all following readings are from a new 
sample tape. 
The main loop and subroutines illustrated in ?ow chart 

form in FIGS. 4-15, inclusive are stored in a conventional 
fashion in the EPROM 36. Returning to FIG. 14, it will be 
appreciated that the subroutines (subroutines 15-20, 
inclusive) represented by this ?gure are of substantial sig 
ni?cance in lane analysis. Initially, the subroutine calls for 
the performance of subroutine 2 (FIG. 6) to clear the RAM 
38. 

Next, the RAM pointer is set to the start position. 








